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(54) Title: BIODEGRADABLE COPOLYMERS. METHOD OF PRODUCING THEM AND THEIR USE 

(54) Bezekhnung: BIOLOGISCH ABBAUBARE COPOLYMERE UND VERFAHREN /U IHRER HERSTELLUNG XfSV WRE 
VER WEN DUNG 

(57) Abstract 

The invention concerns biodegradable polymers made from at monoethylenically unsaturated dicarboxylic acids and/or their salts: b) 
monoethyienicaily unsaturated monocar boxy lie *cids and/or their salts; c > singly unsaturated monomers which, following hydrolysis, can 
he convened to monomers with a hydroxy! group covatently hooded to the carbon chain and. optionally, df other morximcrs which can 
he copolvxnerLzod by a radical mechanism, the sum of monomers ai to dt being 100 *\ b\ wi. The invention also concerns a method 
of producing these polymers by radical- initialed polymerization and hydrolysis in an aqueous medium, plus the use of these polymers as 
additives or cobuilders in washing and cleaning agents, in the treatment of cotton, as bleach stabilisers, as auxiliaries in the printing of 
textiles and in the production of leather, as weil as in r Jic inhibition of the effects of water hardness and as a dispcrsant. 

(57) Zusanrunenfassung 

Die Erfindung betrifft biologisch abbaubare PolyrrvTre. aufgebaut aus: at mon^thylenisch ungesaaigten Dicarbonsauren und/oder 
deren Salzen; b) monoethylenisch ungesaaigten Momxrarhonsauren undAxier deren SaJ/en: c) einfach ungesatugten Monomeren. die oach 5 
Hydrolyse zu Monomeren mit einer kovalen' an die C-C-Krrie gebundenen Hydro xylgruppe umgewandelt werden koonen UDd gege be oen falls 
d) wciteren radUcalisch copolymerisierbaren Monomeren. w'>oei die Summe der Mon«>rncren von a i bis d MOO Gew bctragt- Die Erfindung . 
betrifft femer cin Verfahren zur Hcrstellung dicser Polymercn durch radikaJischc Polymerisation und Hydrolyse in wafirigem Medium sowie 
die Verwcnduog dicser Polymensate als Zusatz br.w. Cobuildcr in Wascb- und Reinigungsmitteln. bei der Vorbehandlung von BaumwoUc. 
als Blcicbstabilisatoren. als Hilfsmitiel beim Textildruck und bei der Lcderhcrstcllung sowie t.ut Inhibierung der Wasserhane und als 
Dispcrgjcrmirtel. 



Biodegradable copolymers, method of producing them and 

their use 



The pre. ent invention relates to water-soluble biodegradable copolymers 
based on unsaturated mono- and dicarboxylic acids and vinyl esters or 
vinyl ethers. The present invention further relates to a process for the 
production of said copolymers and to their use in detergents and 
cleaning agents, in the inhibition of water hardness, as dispersing 
agents, as well as in the manufacture, finishing and/or dyeing of textile 
fibers and textiles. 

Since ecological considerations have come to the fore within the last 
years, many of the efforts to develop new polymers have focussed on 
the biodegradability thereof. In particular, products whose application 
and disposal is effected in aqueous systems have been of interest. In 
some fields, for example, the papennaking industry, degradable 
polymers such as starches have been used as binders more frequently; 
in other fields graft polymers of reproductive resources, such as starch 
or sugar, and of synthetic monomers have been developed. However, 
for many applications there are relatively high technical requirements, 
and the products based on reproducible raw materials are not able to 
meet these standards to the degree the purely synthetic polymers used 
until today do. An example thereof is the use of the polycarboxylates in 
mixed sizes for textile fibers; here a mixture of starch and 
polycarboxylate is frequently used as a compromise between 
degradability and sizing properties. 

Another important field of application for water-soluble polymers is the 
use in detergents and cleaning agents. 

During .\e last years, the development on this sector has been de- 
termined by the use of polyphosphate components which - as is 



generally known - result in overfertilization of the waters and, conse- 
quently, in the problems known as "eutrophication". 

In addition to the primary cleaning effect, polyphosphates have a fa- 
vorable secondary detergent behavior; they remove alkaline-earth 
metal ions from the washings, textiles and dirt, prevent precipiations 
of insoluble alkaline-earth metal salts on the textiles, and maintain the 
dirt in the washing liquor in disperse condition. In this manner in- 
crustations and redepos'trons are suppressed even after several wash 
cycles. Due to their goo' 1 binding capacity for alkaline-earth ions and 
their excellent dispersing and soil-carrying capacity, polycarboxylates 
such as polyacrylic acids and acrylic acid/maleic acid copoly.. .^s cur- 
rently dominate the market as substitutes for polyphosphates. The 
latter property is achieved in a particularly easy manner by using 
acrylic acid/maleic acid copolymers [Richter, Winkler in Tenside Sur- 
factants Detergents 24 (1987) 4J. The problem of eutrophication has 
been answered with the use of polycarboxylates. However, these 
synthetic polymers must be regarded as being substantially inert to- 
wards degradation processes. Because of the already existing and the 
coming increasing spread of said polymers, the question "what hap- 
pens with them in the ecosystem" arises. Examinations to this re- 
spect showed that about 90% of the polycarboxylates are adsorbed 
to and disposed by the sewage sludge, i.e. by deposition, agricultural 
utilization or combustion. Biological degradation takes place to a very 
limited extent, the cited degradation rates amounting to between 1 
and 10%. The statements to this respect can be found in the publi- 
cations of J. Lester et al. "The partitioning of polycarboxylic acids in 
activated sludge", Chemosphere, Vol. 21, Nos. 4-5, pp 443-450 
C990), H. Schumann "Elimination von 1 4 C-markierten Polyelektro- 
lyten in biologischen Abwasserreinigungsprozessen, Wasser • Abwas- 
ser (1991), pp 376-383, P. Berth "Moglichkeiten und Grenzen des 



3 



Ersatzes von Phosphaten in Waschmitteln", Angewandte Chemie 
(1975), pp 115-142. 

For this reason, introducing large amounts of non-degradable com- 
pounds in the environment is critical from the ecological point of 
view. To solve this problem, the use of biodegradable polymers, i.e., 
those demineralizable to carbon dioxide and water seems to be obvi- 
ous. 

The production of a biodegradable polycarboxylate polymer based on 
glyoxylic acid esters is known from U.S. -Patent 4 144 226. To 
achieve technically interesting molecular weights, the mentioned po- 
lymerization methods in anhydrous organic solvents require tempera- 
tures of 0°C or less, achieving polymer yields of only 75%; further 
reducing isolation and cleaning steps follow. Since the polymer is in- 
stable in the acid or alkaline pH-range, the end groups thereof must 
additionally be blocked chemically. Nevertheless, a reduced molecular 
weight caused by chain scission and, consequently, a loss of activity 
may occur during the liberation of the carboxvl groups from the ester 
form by means of saponification. Said polymers are not suitable to be 
used in large amounts in the aforementioned applications because 
very costly and commercially unavailable monomers and very expen- 
sive polymerization and processing techniques are to be employed 
and because they exhibit the described instability. 

British patent No. 1 385 13 i describes a detergent composition using 
a biodegradable polymer of maleic acid and vinyl alcohol units. 

The production process includes a precipitation polymerization in 
benzene, the separation and drying of the polymer, and the hydroly- 
sis and saponification thereof in an aqueous alkaline medium. Leaving 
the relatively complicated and costly production of these polymers 



4 



out of consideration, additional disadvantages with respect to de- 
gradability and property profile become apparent. According to the 
indications relating to degradability, a drastic decrease in degradation 
goes along with the molecular weight. A molecular weight increase 
from 4,200 to 18,000 already means a reduction in the degradation 
by 63%. With respect to the properties it must be mentioned that a 
graying inhibition that is superior to sodium tripolyphoshpate can be 
achieved with the maleic acid/vinyl alcohol polymers only when they 
are used in detergent formulations in an amount of at least 35%. As 
compared to the state of the art the uneconomically high polymer 
concentrations in detergents are disadvantageous, currently used 
detergent formulations comprise about 5% of polymer (DE 40 08 
696). 

According to British patent 1 284 815 maleic acid-vinyl alcohol co- 
polymers are also used as substitutes for phosphate in detergents 
and cleaning agents. It is recommended to use 10 to 80%-wt., pref- 
erably 1 5 to 60%-wt., relative to the detergent or cleaning agent; 
again, this means applying uneconomically high concentrations and, 
in addition, it points to a poor efficiency if lower concentrations are 
used. 

EP 0 497 61 1 A1 describes the production and the use of improved 
and partially biodegradable polymers based on maleic acid, acrylic 
acid and vinyl acetate, which are polymerized in an organic solvent 
and subsequently subjected to an aqueous hydrolysis. Furthermore, 
the possibility of modifying the polymers by subsequent saponifica- 
tion, optionally followed by an oxidation reaction is described. As 
compared with the aqueous procedure, the polymerization in an or- 
ganic solvent is described as a necessary method since, on the one 
hand, any desired monomer ratio in the polymer may thus be realized 
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and, on the other hand, undesired hydrolysis reactions of the mono- 
mers may not occur. The degradability of the terpolymers according 
to EP 0 497 61 1 A1 was tested in a Closed-Bottle-Test and assessed 
within a scale of 0 to 100% BOD (Biological Oxygen Demand) after 
25 days. A pure polyacrylic acid having 1.8% and a copolymer of 
maleic acid and vinyl acetate having 8% degradability are mentioned 
in said test run. The products manufactured in the organic solvent 
were examined in hydrolyzed and saponified form with different mole 
ratios of the monomers used, resulting in a biological degradation of 
13.6 - 28.9%. 

However, such degrees of degradation are still absolutely insufficient. 
For this reason, the polymers obtained according to the process of EP 
0 497 61 1 A1 in organic solvents do not offer a solution with respect 
to products degrading in a good or easy manner. According to P. 
Schoberl "Methoden zur Bestimmung der biologischen Abbaubarkeit 
von Tensiden" in Seifen-6le-Fette-Wachse 117 (1991), pp 740 - 744, 
the required degree of degradation in the Close-Bottle-Test should 
amount to J>_ 60% to classify a product as being degradable. A prod- 
uct can be classified as an easily degradable one if within 10 days - 
after exceeding a degree of degradation of 10% - a degradation de- 
gree of J>, 60% is achieved. 

EP 0 398 724 A2 describes a process for the production of maleic 
acid/acrylic acid copolymers in aqueous solution; acid-free monomers 
may also be used. Said production process is particularly based on 
the specific simultaneous dosage of all monomer components and 
other reagents necessary for the polymerization. Although no particu- 
lar emphasis is given to the biodegradability of the polymers, these 
values are measured in three comparative examples. Example 1 illus- 
trates the production of a copolymer of maleic acid and acrylic acid 
and indicates the biodegradation after 30 days with 3.3% (BOD). 



Example 5 describes a copolymer of maleic acid, acrylic acid and 
10.6%-wt. vinyl acetate having a biodegradation of 9.6% (BOD) 
after 30 days. Example 6 describes a copolymer of maleic acid, 
acrylic acid and 10.6%-wt. 2-hydroxyethylmethacrylate having a 
degree of degradation of 7% after 30 days. Accordingly, the deg- 
radation rates are also insufficient. All these examples describe the 
polymerization in aqueous solution with dosing the mentioned 
monomers, catalysts (hydrogen peroxide and persulfate), and so- 
dium hydroxide solution, which is used to partially neutralize the 
acid monomers, in the course of the polymerization. After termi- 
nation of the polymerization reaction, stanoardization to neutral is 
effected with 50% sodium hydroxide solution at 70°C. 

The aforementioned facts clearly demonstrate that these polymers 
which are manufactured by polymerization in water do not repre- 
sent a solution for degradable cobuilders. 

Accordingly, there has been the object to provide copolymers 
based on maleic acid/acrylic acid which may be manufactured in 
aqueous medium by means of a technically simple process using 
technically easily available monomers, which have the good bind- 
ing capacity for alkaline-earth ions required for their use in deter- 
gents and cleaners, which have a good dispersive power and - as 
compared to the polymers according to the prior art - c r e readily or 
even excellently degradaole. 

According to the present invention this object is achieved by bio- 
degradable polymers suitable for detergents and cleaners of 
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a) polymerized, monoethylenically unsaturated dicarboxylic 
acids and/or the salts thereof, 

b) polymerized, monoethylenically unsaturated monocarboxylic 
acids and/or the salts thereof, 

c) polymerized, monoethylenically unsaturated monomers 
which, after hydrolysis or saponification, have one or sev- 
eral hydroxyl groups covalently bonded to the C-C-chain, 
and optionally 

d) further polymerized, radically copolymerizable monomers, 

obtainable by an at least partial neutralization of the carboxylic- 
acid-containing monomers a), b) and optionally d), radical polym- 
erization of the monomers a) to d), and hydrolysis or saponifica- 
tion of the polymerized monomer units c) to form hydroxyl groups 
covalently bonded to the C-C-chain of the polymer in aqueous 
medium, the polymers exhibiting a biological degradation rate of 
greater than 60% (BOD) after 28 days. 

The copolymers according to the present invention are preferably 
obtainable by radical polymerization of monomer mixtures of 
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a) 10 - 70%-wt. monoethylenically unsaturated C^g-dicar- 
boxylic acids or the salts thereof, 

b) 20 - 85%-wt. monoethylenically unsaturated C3.iO' m ono- 
carboxylic acids or the salts thereof, 

c) 1 - 50%-wt. monounsaturated monomers which, after sa- 
ponification, release hydroxyl groups bonded at the polymer 
chain, 

d) 0 - 10%-wt. further, radically copolymerizable monomers, 
with the sum of the monomers according to a) to d) 
amounting to 100% 

Preferred polymers according to the present invention have a bio- 
logical degradation rate of greater than 80% BOD after 28 days. 

Monomers of group a) include monoethylenically unsaturated C4- 
C3 dicarboxylic acids, the anhydrides or alkali and/or ammonium 
salts and/or amine salts thereof. Suitable dicarboxylic acids, for 
example, are maleic acid, fumaric acid, itaconic acid, methylene 
malonic acid. It is preferred to use maleic acid, maleic anhydride, 
itaconic acid, itaconic anhydride, as well as the corresponding so- 
dium, potassium or ammonium salts of maleic or itaconic acid. The 
monomers of group a) are present in the monomer mixture to the 
extent of 10 to 70%-wt., preferably 20 to 60%-wt., and most 
preferably 25 to 55%-wt. 

Suitable monomers of group b) include monoethylenically unsatu- 
rated C3- to C 1 Q-carboxylic acids and the alkali and/or ammonium 
salts ?nd/or amine salts thereof. These monomers include, for 
example. 
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acrylic acid, methacrylic acid, dimethyl acrylic acid, ethyl acrylic 
acid, vinyl acetic acid, allyl acetic acid. The preferred monomers of 
this group are acrylic acid, methacrylic acid, the mixtures thereof, 
as well as sodium, potassium or ammonium salts or mixtures 
thereof. The monomers of group b) are present in :rj monomer 
mixture to the extent of 20 - 85%-wt., preferably 25 - 60%-wt., 
and most preferably 30 - 60%-wt. 

The monomers of group c) include those which - after the copo- 
lymerization - release one or more hydroxyl groups, which are di- 
rectly covalently bonded to the C-C-polymer chain, in a cleavage 
reaction, e.g. by hydrolysis or saponification of the polymer. Ex- 
amples thereof are: vinyl acetate, vinyl propionate, acetic acid- 
methyl vinyl ester, methyl vinyl ether, ethylene glycol mc ^ovinyl 
ether, vinylidene carbonate. The monomers of group c) are present 
in the monomer mixture to the extent of 1 - 50°o-wt., preferably 4 
- 40%-wt., and most preferably 8 - 30%-wt. 

Monomers of group d) which are suitable to modify the copoly- 
mers, for example, include monomers comprising sulfone groups 
and sulfate groups, such as meth(allylsulfonic acid), vinyl sulfonic 
acid, styrene sulfonic acid, acrylamidomethylpropane sulfonic acid, 
and monomers comprising phosphoric acid, such as vinyl phcs- 
phonic acid, ailyl phosphoric acid and acrylamidomethylpropane 
phosphonic acid and the salts thereof, as well as hydroxyethyi- 
(meth)acrylate sulfates, allyl alcohol sulfates and -phosphates. In 
addition, suitable monomers of group d), which because of the 
required solubility are to be used in restricted amounts, include- 
doubly ethylenically unsaturated non-conjugated compounds and 
polyalkylene glycol esters of (meth)acrylic acid and polyaikylene 
glycol ethe* with (meth)allyl alcohol, which may optionally be 
capped at the end. Th-j monomers of group 
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d) are present in the monomer mixture by up to 10%-wt., if nec- 
essary. 

In addition, the present invention relates to a process tor the pro- 
duction of biodegradable polymers suitable for the use in deter- 
gents and cleaning agents of 

a) monoethylenically unsaturated dicarboxylic acids and/or the 
salts thereof, 

b) monoethylenically unsaturated monocarboxylic acids and/or 
the salts thereof, 

c) monoethylenically unsaturated monomers which, after hy- 
drolysis or saponification, are converted into monomer units 
having one or several hydroxy! groups covalently bonded to 
the C-C-chain, and 

d) optionally further, radically copolymerizable monomers, 
which are characterized in that the acid monomers 3), b) 
and optionally f) are at least partially neutralized, the mono- 
mers a) tc r) are radially polymerized,' and that the polymer- 
ized monomer units c) are hydrolyzed or saponified in aque- 
ous medium into hydroxy! groups covalently bonded to the 
C-C-chain of the polymer, the polymers having a b-ological 
degradation rate of greater than 60% (BOD) after 23 days. 

The copolymers are manufactured in aqueous solution at 40 - 
130°C in the presence of polymerization initiators forming radicals 
under the polymerization conditions, e.g. inorganic and organic 
peroxides, persuifates, azo compounds and so-called redox cata- 
lysts. The reducing component of redox catalysts may be 
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formed, for example, by compounds such as sodium sulfite, so- 
dium bisulfite, sodium formaldehyde-sulfoxylate and hydrazine. 
Since the exclusive use of persulfate usually results in broad mo- 
lecular weight distributions and a low content of residual mono- 
mers, and the exclusive use of peroxides results in narrower mo- 
lecular weight distributions and a high residual monomer content, 
it is advantageous to use as redox catalyst a combination of per- 
oxide and/or persulfate, reducing agent, and heavy met3l. The co- 
polymerization may also be carried out by the action of ultraviolet 
radiation in the presence of photoinitiators. If the molecular weight 
must be controlled, polymerization regulators are used. Suitable 
chain transfer agents include mercapto compounds, alkyl com- 
pounds, aldehydes, heavy metal salts. The molecular weight may 
also be controlled by the choice of the material of the polymeriza- 
tion reactor; for example, the use of steel as reactor material re- 
sults in lower molecular weights than the use of glass or enamel. 

The polymerization is effected in conventional polymerization ves- 
sels at temperatures of 40 - 180°C, optionally under pressure if 
boiling temperatures of the reactants are exceeded. A preferred 
polymerization temperature range amounts to about 60 to 120°C. 
Operations are carried out in an inert gas atmosphere, if necessary 
created by injecting nitrogen, under the exclusion of atmospheric 
oxygen. The monomer components are either prepared as a whole 
in aqueous 
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solution, or they are polymerized by addition of the initiator system. 
According to a preferred embodiment they a^e metered into the po- 
lymerization reactor over a period of 1 to 10 hours, preferably 2 to 8 
hours. 

According to an embodiment of the present invention, the monomer 
a) is prepared and the monomers b) to d) are metered thereto, either 
in admixture or separately. According to a preferred embodiment, 
maleic acid and part or the whole amount of the monomer according 
to group c) form the premixture/preparation and the remaining 
n.onomers are doseo thereto. This method of adding the monomers 
has the advantage that the pressure, which generates during the po- 
lymerization reaction in the closed polymerization vessel and is 
caused by the otherwise increased decarboxylation of maleic acid 
units in the polymer chain, is considerably reduced, i.e., the polymers 
manufactured according to this process comprise more carboxylate 
groups than those where the monomer of group c) has not been pre- 
pared beforehand. 

The initiator system is added in parallel with thy monomers, and after 
termination of the monomer dosage the addition thereof is preferably 
continued for a while to complete the monomer reaction. For the pur- 
pose of obtaining copolymers having a low residual content of maleic 
acd and in order to suppress a premature saponification of mono- 
mers of group c), the employed acid monomers are neutralized, at 
least partially. This may be effected by neutralizing or partially neu- 
tralizing the prepared monomers according to a), or by completely or 
partially neutralizing the monomers according to b) or d) which are to 
be dosed. However, in this connection it should be avoided to 
neutralize or partially neutralize the carboxylic acid-containing mono- 
mers during polymerization by simultaneously dosing into the reactor 
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lyes and vinyl esters, since this results in premature saponification of 
the monomers under formation of actetaldehyde and brown-colored 
reaction products. 

After termination of the polymerization, low-boiling components such 
as residual monomers or *he hydrolysis products thereof are distilled 
off, if necessary, optionally under vacuum. The saponification of the 
monomers according to c) is carried out in acid or basic medium, pH 
values of less than 6.5 and more than 10 being preferred. Depending 
on the kind of monomer, the saponification is carried out at 60 - 
130°C within 0.5 to 5 hours. In the polymer solution to be saponified 
the pH values required for saponification may be adjusted by the 
addition of solid, liquid, dissolved, or gaseous inorganic and organic 
acids or bases. Examples thereof include: sulfuric acid, hydrochloric 
acid, sulfur dioxide, toiuene-p-sulfonic acid, sodium hydroxide solu- 
tion, and potassium hydroxide solution. The readily volatile reaction 
products formed during the saponification may be separated by distil- 
lation, optionally under vacuum. A preferred embodiment is the alka- 
line saponification carried out without prior distillation of residual 
monomers and hydrolysis products in the presence of peroxides, 
whereby the still existing residual monomers and hydrolysis products 
are polymerized in situ or oxidized into harmless carboxylic acids. The 
degree of saponificction of the saponifiable monomer units amounts 
to 1 - 100%, preferably 30 - 100%, and most preferably 60 to 
100%. When the saponification is terminated, the aqueous polymer is 
adjusted to the pH value required for the respective application. To 
this end, the known agents, such as lyes and bases, mineral acids, 
carboxylic acids and polycarboxylic acids are used. 

In principle, the polymerizotion may also be carried out as a suspen- 
sion polymerization, whereby the aqueous monomer phase is 
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dispersed by nr.eans of suspension stabilizers in an organic phase, 
which, for example may consist of cyclohexane, and is then polymer- 
ized and saponified in the form of this suspension. Subsequently, the 
water may be distilled off from the suspension azeotropically, and the 
solid polymer particles may easily be filtered off the organic phase 
and used after drying. Another possibility to manufacture powdery- 
polymers is to spray-dry the polymer solution according to the pres- 
ent invention. For example, washing powders may directly be ob- 
tained by spray drying a common solution or suspension consisting of 
the polymer solutions according to the present invention and further 
detergent components. 

The above-described polymers turn up in the molecular weight range 
of from 500 to 5,000,000, the low-molecular products having mo- 
lecular weights of below 70,000 already being absolutely suitable for 
the use as cobuilders. It has become apparent in application techno- 
logical examinations that the polymers according to the present in- 
vention in the molecular weight range of 20,000 and less develop an 
excellent action in detergents, and have a good dispersive power and 
suspending capacity. In addition, they are almost completely removed 
in the sewage-sludge-elimination-test. 

The high-molecular polymers are suitable for other applications, e.g. 
as thickeners, auxiliaries in papermaking and in the water and waste- 
water treatment, or as additives for drilling fluids. 
In the production of the polymers, it has most surprisingly and in 
contrast to the findings of EP 497 61 1 A1, page 4, turned out to be 
advantageous to hydrolyze the maleic anhydride to a large extent or 
to neutralize the maleic acid prior to the polymerization. The polymers 
thus obtained exhibit surprisingly advantageous application 
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technological properties in detergents and cleaners, and they are 
biodegradable. 

The polymers according to the present invention - manufactured 
by solvent or suspension polymerization and saponification in the 
aqueous system - have a good to easy degradability and for that 
reason significantly differ from those manufactured according to 
the process of EP 0 497 61 1 A1 in organic solvents with subse- 
quent saponification whose degradability is absolutely insufficient. 
Although the causes are yet unknown, a different arrangement of 
the monomers in the polymer chain - caused by the different po- 
lymerization processes - could, for example, have a decisive influ- 
ence on the degradation behavior. 

The production and properties of the polymers according to the 
present invention will be illustrated in greater detail in the follow- 
ing examples. Application-specific examinations demonstrate the 
efficiency of the polymers in the inhibition of water hardness (Ca 
and Mg-carbonate), as pigment dispersants, the Ca 2 + or CaCC>3- 
dispersing power and in a laundering test, as well as the biode- 
gradability of the polymers according the present invention. In 
addition, the products according to the present invention have a 
good or excellent activity as auxiliary in the manufacture of leather 
if they are used - amongst others - in the processes of soaking, 
liming, in the washing processes after liming and in deliming, in 
particular in C02"deliming. Futhermore, they may advantageously 
be used in the tanning of leather, i.e. in pretanning, tanning and 
retanning. Additionally, the excellent biodegradability of the poly- 
mers according to the present invention is demonstrated in the 
examples. 

Additionally, the products according to the invention are very suit- 
able for the use in textile finishing processes, e.g. in the pretreat- 
ment of 
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cotton, as additiva in grey-cloth-washing, in the boiling off and 
kier scouring, as additive in textile fiber sizes, as stabilizer in per- 
oxide bleaching, in dyeing processes of cellulose and synthetic 
fibers, e.g. to disperse oligomers, in textile printing as well as in 
washing off processes. 

Manufacturing Examples 

Example 1 

63.8 g maleic anhydride in 260 g demineralized water and 93.6 g 
50% sodium hydroxide solution are dissolved at 85°C in a 2-I- 
glass-polymerization vessel provided with heating bath, stirrer, re- 
flux condenser and metering devices for liquid and gaseous sub- 
stances, and 3.5 mg iron(ll)ammonium sulfate are added. Within a 
period of 4 and 4.5 hours, two solutions are metered into the po- 
lymerization vessel. Solution I (4 hours) consists of 81.4 g acrylic 
acid, 42.1 g vinyl acetate and 100 g demineralized water; solution 
II (4.5 hours) consists of 18.7 g 35% hydrogen peroxide and 54 g 
water. At the end of the dosage of solution II the internal 
temperature has risen to 92°C; at this temperature stirring is con- 
tinued for one hour, and 1 1 g aqueous phase and 5 g vinyl acetate 
are withdrawn by means of a water separator. The polymer solu- 
tion is cooled to 40°C, adjusted to pH 10 by means of sodium 
hydroxide solution and saponified at reflux for 60 minutes, then 
cooled and adjusted to pH 7.0 by means of hydrochloric acid. The 
dry solids amount to 30%, the polymer has a molecular weight of 
Mw = 22,175. No ester bands can be detected in the IR-spec- 
trum. 
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Example 2 

In a polymerization batch manufactured according to the performance 
of Example 1, the following substance amounts are placed and me- 
tered respectively: 

Preparation: 69.15 g maleic anhydride, 101.61 g 50% sodium hy- 
droxide solution, 270 g demineralized water, 3.5 mg 
iron(ll)ammonium sulfate 

Solution I: 70.16 g acrylic acid, 60.2 g vinyl acetate, 50 g water 
Solution II: 18.7 g 35% hydrogen peroxide, 100 g demineralized 
water 

When the dosage of solution II is completed, the product temperature 
amounts to about 86°C. At this temperature stirring is continued for 
a further hour; 10 g aqueous phase and 3 g vinyl acetate are distilled 
off by means of a water separator. The further processing of the 
polymer is carried out according to Example 1. The final product has 
a dry substance of 31.6%, the molecular weight amounts to about 
Mw = 14,077, no ester groupings can be detected in the IR-spec- 
trum. 

Example 3 

In a polymerization batch according to the test performance of Ex- 
ample 1, the following substance amounts are placed and metered 
respectively: 

Preparation: 1 14.8 g maleic anhydride, 313.2 g demineralized water, 
168.5 g 50% sodium hydroxide solution, 6.3 mg iron(ll)ammonium 
sulfate 
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Solunon I: 146.5 g acrylic acid, 45 g demineralized water, 65.1 g 
50% sodium hydroxide solution, 35.4 g vinyl acetate 
Solution II: 33.7 g 35% hydrogen peroxide, 2 g sodium peroxodisul- 
fate, 3C0 g demineralized water 

After completing the dosage of solution II the product temperature 
amounts to about 92°C. Stirring is continued for a further hour at 
this temperature; 21.5 g aqueous phase is distilled off by means of a 
water separator. The further processing of the polymer is carried out 
according to Example 1. The final product has a dry substance con- 
tent of 33.1 % and a molecular weight of Mw = 18,343. 

Example 4 

The polymerization batch of Example 1 is repeated with the following 
changes: 

Solution II: 119 g demineralized water, 13.17 g sodium peroxodisul- 
fate 

Solution III: 123 g demineralized water, 2.5 g sodium disulfite. 

During the dosage of solutions I - III the product temperature 
amounts to 65°C, then stirring is continued for one hour at 90°C. 
During distillation only one aqueous phase settles down; vinyl acetate 
is not present. The further processing of the product is carried out 
according to Example 1 . 

The final product has a content of solids of 31 % and a viscosity or 
1 80 mPa.s. 
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Example 5 

In a polymerization batch according to the test performance of 
Example 1, the following substances are placed and dosed respec- 
tively: 

Preparation: 63.8 g maleic anhydride, 1 74 g demineralized water, 
93.6 g 50% sodium hydroxide solution, 3.5 mg iron(ll)ammonium 
sulfate 

Solution I: 81.4 g acrylic acid, 42.1 g vinyl acetate, 100 g demineral- 
ized water 

Solution II: 18.7 g 35% hydrogen peroxide 144 g demineralized 
water 

After completion of the solution !l dosage the internal temperature of 
the reactor amounts to 90°C. At this temperature stirring is contin- 
ued for one hour; 14 g water and 5 g vinyl acetate are distilled off by 
means of a water separator. The further processing of the polymer is 
carried out according to Example 1. The final product has a solids 
content of 31% and a molecular weight of Mw = 30,200. 

Example 6 

In an agitated pressurize J reactor of stainless ste^l, 144.8 g maleic 
anhydride in 308.0 g demineralized water and 212.6 g 50% sodium 
hydroxide solution are dissolved at 85°C, and 6.3 mg 
ironOUammonium sulfate are added. The reactor is purged with nitro- 
gen, closed and heated to 90°C. Subsequently, two solutions (I and 
II) are dosed into the reactor within 4 and 4.5 hours respectively; af- 
ter termination of the dosage stirring is continued at 90°C for one 
hour. Solution I comprises 124 g acrylic acid, 37 g demineralized 
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water, 55.1 g 50% sodium hydroxide solution, and 75 g vinyl ace- 
tate. Solution II comprises 33.7 g 35% hydrogen peroxide, 2 g 
sodium peroxodisulfate, and 205.8 g demineralized water. At the end 
of the dosage of solution II the internal pressure of the reactor 
amounts to 3 8 bar. After cooling, 32.5 g water are distilled off from 
the reactor batch by means of a water separator; vinyl acetate is no 
longer present. For saponification purposes, the product is adjusted 
to pH 10.5 by means of sodium hydroxide solution, refluxed for 1 
hour and then neutralized with hydrochloric acid. 
The dry substance content of the polymer amounts to 35.9%. 

Example 7 

Example 6 is repeated with the following changes: 

The iron salt is omitted from the premixture and the reactor is not 
purged with nitrogen. Soluticn II is changed as follows: 25 g sodium 
persulfate in 205.8 g demineralized water. After the end of the dos- 
age of solution II a pressure of 3.5 bar has built-up in the reactor. 
The further processing of the product is carried out in accordance 
with Example 6. 5 g vinyl acetate turn up in the distillation step. 
The polymer has a dry substance of 37.6%. 

Example 8 

Polymerization is carried out in accordance with Example 6 in a pres- 
surized reactor at 90°C, purging with nitrogen does not take place 
and the amounts used are as follows: 

Preparation: 176.4 g maleic anhydride, 372.1 g demineralized water, 
259.2 g 50% sodium hydroxide solution 
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Solution I: 100.8 g acrylic acid, 48.6 g vinyl acetate, 45 g 50% so- 
dium hydroxide solution, 30 g demineralized water 
Solution I!: 33.7 g 35% hydrogen peroxide, 171.0 g demineralized 
water. 

After termination' of the solution II dosage a pressure of 3.2 bar has 
built-up; The further processing of the product is effected as in Ex- 
ample 6. 

The polymer has a dry substance of 34.5% and s molecular weight 
of Mw = 1 1,100. 

Example 9 

Polymerization is carried out in accordance with Example 6 in a pres- 
surized reactor at 90° 2, nitrogen purging is not effected and the 
amounts used are as follows: 

Preparation: 113.4 g maleic anhydride, 248.8 g demineralized water, 
166.7 g 50% sodium hydroxide solution, 6.3 mg iron(ll)-ammonium 
sulfate 

Solution I: 34.9 g vinyl acetate, 45.0 g demineralized water, 145.8 g 
acrylic acid 

Solution II: 33.5 g 35% hydrogen peroxide, 232 g demineralized 
water. 

Nitrogen gassing is not carried out. 

After termination of the solution II dosing a pressure of 2.6 bar has 
adjusted. The further processing of the product is effected as in Ex- 
ample 6. 

The polymer has a dry substance of 36.6% and a molecular weight 
of Mw = 21 ,480. 
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Example 10 

In a 2-l-gIass-polymerization vessel 313.2 g demineralized water, 
1 14.8 g maleic anhydride, and 168.5 g 50% sodium hydroxide solu- 
tion are mixed at 65°C under stirring, and then 35.4 g vinyl acetate 
are added. 

Subsequently, three solutions are dosed into the reactor at 65°C 
within 2.5 hours: 

Solution I: 146.5 g acrylic acid, 180 g demineralized water 
Solution II: 22.3 g sodium peroxodisulfate, 141.4 g demineralized 
water 

Solution III: 4.3 g sodium disulfite, 100.6 g demineralized water 

After dosing the temperature is maintained for one hour, followed by 
one further hour at 90°C. Subsequently, saponification and neutrali- 
zation of the product is carried out as in Example 1. 
The polymer has a dry substance of 31.4% and a viscosity of 670 
niPa.s, the molecular weight amounts to Mw = 132,000. 

Example 1 1 

The performance of this test is carried out in accordance with Exam- 
ple 10, except for the amount of 17.7 g vinyl acetate. During polym- 
erization and saponification there is no release of carbon dioxide. 
The final product has a content of solids of 30.7% and a viscosity of 
295 mPa.s. 
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Example 1 2 

In a polymerization batch according to the test performance of Ex- 
ample 1, the following substances are placed and dosed respectively: 

Preparation: 63.8 g maleic annydride, 260 g demineralized water, 52 

g 50% sodium hydroxide solution, 3.5 mg iron(ll)ammonium sulfate 

Solution I: 81.4 g acrylic acid, 22 g demineralized water, 45.1 g 50% 

sodium hydroxide solution, 42.1 g vinyl acetate, 

Solution II: 18.7 g 35% hydrogen peroxide, 128.4 g demineralized 

water. 

After solution II has been dosed stirring is continued for one hour at 
85°C; 10.1 g water and 2.7 g vinyl acetate are distilled off by means 
of a water separator. The f :her processing of the polymers is car- 
ried out according to Example 1. 

The final product has a dry content of 30.3% and a viscosity of 45 
mPa.s, the molecular weight amcnts to Mw = 11,160. 

Example 1 3 

Example 6 is repeated with the following changes: 

Solution I consists of 124 g acrylic acid, 30 g demineralized water, 
55.1 g 50% sodium hydroxide solution and 117.97 g vinyl acetate. 
No purging with nitrogen is carried out. 

At the end of the dosage of sc'-*ion II the internal pressure of the 
reactor has risen to 4.7 bar. The dry substance amounts to 36.7%, 
the molecular weight amounts to Mw = 17,275. 



Example 14 

Folymerization is carried out in accordance with Example 6 in a pres- 
surized reactor at 90°C, purging with nitrogen is not effected and the 
amounts used are as follows: 

Preparation: 220 g demineralized water, 127.9 g 50% sodium hy- 
droxide solution, 87.1 g maleic anhydride 

Solution I: 166.4 g acrylic acid, 80 g demineralized water, 73.9 g 
50% sodium hydroxide solution, 30.6 g vinyl acetate 
Solution II; 210 g demineralized water, 33.7 g 35% hydrogen perox- 
ide, 2 g sodium peroxodisulfate 

After termination of the solution II dosage a pressure of 1.7 bar has 
built up. The further processing of the product is etiected as in Ex- 
ample 6. The polymer has a dry substance of 3- .7% and a viscosity 
of 320 mPa.s. 

Comparative Example 1 

Th ; s comparative example describes the manufacture of a saponified 
terpolymer of maleic anhydride, acrylic acid, and vinyl acetate ac- 
cording to the process of EP 0 497 611 A1 . The monomer composi- 
tion corresponds to that of Example 1 of the present invention. 

In an agitated polymerization reactor, 225 g methyl ethyl ketone are 
blown out with nitrogen, heated to 80°C, and 0.45 g t-tutyl per- 
oxypivalate (75%) are added thereto- 
Then, three solutions are dosed within t*vo hours: 
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Solution I: 42.1 g vinyl acetate, 63.8 g maleic anhydride, 81.4 g 
acrylic acid 

Solution II: 7 g t-butyl peroxypivalate, 9 g methyl ethyl ketone 
Solution III: 4.1 g mercaptoacetic acid, 9 g methyl ethyl ketone 

After termination of the dosage stirring is continued for one hour at 
80°C followed by distilling off methyl ethyl ketone. 
In a second process step, 10 g of the resultant polymer in 40 g water 
and 10.3 g 50% sodium hydroxide solution are refluxed overnight 
and then adjusted to pH 7 with glacial acetic acid. Subsequently, the 
solution is gradually added dropwise into 400 ml ethanol, whereby 
the polymer precipitates. Rewashing with ethanol and drying of the 
polymer is effected. 

Comparative Example 2 

Comparative Example 2 describes the production of a maleic 
acid/vinyl alcohol copolymer which is recommended to the used in 
detergent formulations in GB 1,284,815. It demonstrates that the 
calcium carbonate dispersive power of such polymers which is an 
important characteristic for detergents is considerably poorer than 
that of the terpolymers according to the present invention. 

In a polymerization reactor, 330 g demineralized water, 98 g maleic 
anhydride, and 80 g 50% sodium hydroxide solution are dissolved at 
80°C and blown out with nitrogen. It is cooled to 65°C, 68.9 g vinyl 
acetate are added, and two solutions are dosed into the reactor 
within 2.5 hours. Solution I consists of 36.8 g sodium persulfate, dis- 
solved in 70 g demineralized water, and solution II consists of 7.0 g 
sodium disulfite and 30 g demineralized water. After termination of 
the dosage the temperature is increased to 88°C within 2.5 hours 
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followed by saponification of the acetate groups with sodium hydrox- 
ide solution at pH 11 under reflux conditions within one hour and 
subsequent neutralization with hydrochloric acid. The final product 
has a content of solids of 36.1 %, a pH of 7.9 and a viscosity of 49 
mPa.s. 

Example 1 5 

206.6 g maleic anhydride, 563.7 g distd. water, and 303.3 g 50% 
sodium hydroxide solution are dissolved at 88°C in a glass polymeri- 
zation reactor and then 1 1 .3 mg iron-ll-ammonium sulfate are added. 
Subsequently, 2 solutions are metered thereto. Solution I consists of 

263.7 g acrylic acid, 81 g distd. water, 117.1 g 50% sodium hydrox- 
ide solution, and 63.7 g vinyl acetate and is added within 4 hours. 
Solution II consists of 60.7 g 35% hydrogen peroxide, 3.6 g sodium 
peroxodisulfate, and 540 g water and is added within 4.5 hours. At 
the end of the dosage the temperature amounts to 92°C and is 
maintained for 15 minutes. Then 42.8 g distillate is separated. pH 10 
is adjusted with sodium hydroxide solution; saponification is carried 
out for one hour at reflux and neutralization is effected with hydro- 
chloric acid. The polymer has a solids. content of 31 .5% and a vis- 
cosity of 90 mPas, the calcium carbonate dispersing power amounts 
to 234 mg CaC03/g dry substance. The average molecular weight 
amounts to Mw = 21,690 and the molecular weight at peak maxi- 
mum of the distribution curve amounts to Mp = 7,860. 

Example 1 6 

In a glass polymerization reactor, 1 14.8 g maleic anhydride are dis- 
solved in 283.2 g distd. water and 163.5 g 50% sodium hydroxide 
solution at 85°C, 6.3 mg iron-ll-ammonium sulfate are added thereto. 



Within 4 hours, a solution of 146.5 g acrylic acid, 45 g distd. water, 
65.1 g 50% sodium hydroxide solution, and 36.2 g ethylene glycol 
monovinyl ether and a solution of 33.7 g 35% hydrogen peroxide and 
2 g sodium persulfate in 50 g distd. water are added dropwise. Dur- 
ing this addition the product temperature rises from 88°C to 92 °C 
and is maintained for 30 minutc3 after the end of the dosage. Then a 
pH of 4 is adjusted with sulfuric acid, the mixture is refluxed for one 
hour and neutralized with sodium hydroxide solution. The polymer 
has a content of solids of 40.8% and a calcium carbonate dispersive 
power of 283 mg CaC03/g dry substance. 

Example 1 7 

A polymer according to the composition of Example 1 5 is produced 
with the modification that ethylene glycol monovinyl ether is not 
dosed but added to the premixture. The polymer had a dry substance 
content of 30.2% and a calcium carbonate dispersive power of 330 
mg CaCO^/g dry substance. 

Example 1 8 

In a glass polymerization reactor 114.8 g maleic anhydride, 1 30 g 
distd. water, and 168.5 g 50% sodium hydroxide solution are com- 
monly dissolved at 88°C and 12.6 mg iron-ll-ammonium sulfate are 
added. Two solutions are dosed into the reactor preparation within a 
period of 4 hours. Solution I consists of 146.5 g acrylic acid, 45 g 
distd. water, 65.1 g sodium hydroxide solution, and 35.4 g vinyl 
acetate, solution II consists of 67.4 g 30% hydrogen peroxide, 4.0 g 
sodium persulfate, and 21.3 g distd. water. After the end of the dos- 
age stirring is continued for 30 min. at 90°C and 33.9 g distillate is 
separated afterwards. Subsequently, saponification is carried out with 
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sodium hydroxide solution and neutralization with sulfuric acid. The 
polymer has a dry substance content of 48.6% and a viscosity of 
2,680 mPas. The average molecular weight amounts to Mw = 
15,100, the molecular weight at the peak maximum in the distribu- 
tion curve is Mp = 5,200; the calcium carbonate dispersive power 
amounts to about 314 mg CaCC>3/g dry substance. The residual 
content of maleic acid amounts to 190 ppm and that of acrylic acid 
to 65 ppm, vinyl acetate is below the detection limit of 0.1 ppm. 

Example 19 

The polymerization batch according to Example 1 8 is modified such 
that only 2.0 g sodium persulfate are used. The polymer has a solids 
content of 48.6% and a viscosity of 2,540 mPas; the average mo- 
lecular weights amount to Mw = 19,700 and Mp = 8,700. The re- 
sidual monomer content of maleic acid amounts to 0.1 %, of acrylic 
acid to 65 ppm, and that of vinyl acetate < 0.1 ppm, actetaldehyde 
is present with 3 ppm. 

Example 20 

In a glass polymerization reactor, 1 14.8 g maleic anhydride, 313.2 g 
distd. water, and 168.5 g 50% sodium hydroxide solution are dis- 
solved at 85°C; 6.3 mg iron-ll-ammonium sulfate are added. A solu- 
tion of 146.5 g acrylic acid, 45 g distd. water, 65.1 g 50% sodium 
hydroxide solution, and 35.4 g vinyl acetate is added within 4 hours, 
and a solution of 33.7 g 35% hydrogen peroxide, 2.0 g sodium per- 
sulfate and 50 g water is dosed within 4.5 hours. During the dosage 
the temperature rises to 96°C. After a holding time of 0.5 hours at 
90°C, pH 1 0 is adjusted with sodium hydroxide solution and 19.8 g 
35% hydrogen peroxide are added; saponification is effected for 1 
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hour at reflux and neutralization is carried out with hydrochloric acid. 
The polymer has a dry substance content of 37.2% and a viscosity 
of 250 mPas. The molecular weight Mw amounts to 19 P 400, and Mp 
amounts to about 6,500. The residual monomer content of vinyl 
acetate amounts to < 10 ppm and that of actetaldehyde to 22 ppm. 

Example 21 

tn a polymerization reactor of V4A-steel, 1 14.8 g maleic anhydride, 
283.2 g distd. water, and 168.5 g 50% sodium hydroxide solution 
are dissolved at 88°C, 6.3 mg iron-ll-ammonium sulfate are added 
thereto. Within a period of 4 hours 2 solutions are dosed. Solution I 
consists of 146.5 g acrylic acid, 45 g distd. water, 65.1 g 50% so- 
dium hydroxide solution, and 35.4 g vinyl acetate. Solution II com- 
prises 33.7 g 35% hydrogen peroxide, 2.0 g sodium persulfate, and 
50 g distd. water. At the end of the dosage the product temperature 
amounts to 92°C, at this temperature stirrin i is continued for 0.5 h. 
Then 34 g distillate is removed and 0.5% sulfur dioxide is supplied at 
75°C, allowed to stand at this temperature for 1 hour followed by 
neutralization with sodium hydroxide solution. The polymer has a re- 
sidual monomer content of 50 ppm maleic acid, < 10 ppm acrylic 
acid, and < 0.1 ppm vinyl acetate. The calcium carbonate dispersive 
power amounts to 320 mg CaCC>3/g dry substance. 

Example 22 

In a polymerization reactor of V4A-steel, the following substances are 
dissolved with one another at 88°C: 1 14.8 g maleic anhydride, 
283.2 g water, 168.5 g 50% sodium hydroxide solution, and 6.3 mg 
iron-ll-ammonium sulfate. Two solutions are metered thereto within a 
period of 4 hours. Solution I comprises: 146.5 g acrylic acid, 45 g 



distd. water, 65.1 g sodium hydroxide solution, and 35.4 g vinyl 
acetate. Solution I! comprises: 67.4 g 35% hydrogen peroxide, 2.0 g 
sodium persulfate, and 21.3 g distd. water. After dosing, stirring is 
continued for 30 mm. and 10.5 g distillate removed, followed by al- 
kaline saponification with sodium hydroxide solution and 
neutralization with sulfuric acid. The polymer has a content of solids 
of 40.4% and a viscosity of 320 mPas. The calcium carbonate dis- 
persing action amounts to 290 mg CaCC>3/g dry substance, the mean 
molecular weight Mw amounts to 1 1 .700 and the molecular weight 
at the peak maximum of the distribution curve Mp = 3,500. The re- 
sidual monomer content of maleic acid amounts to 0.7%, of acrylic 
acid to 0.08%, of vinyl acetate to < 0.1 ppm, and that of acetalde- 
hyde to 4 ppm. 

Example 23 

A polymer according to the monomer composition of Example 1 was 
heated to 40°C and sprayed by a spray nozzle in a spray dryer. The 
drying conditions at the inlet of the spray dryer were 170°C and at 
the outlet 1 10°C. The polymer powder had a white color, was free- 
flowing, had a low dust content and a bulk density of 710 g/l; the 
main fraction of the powder particles was between 100 and 200 p. 
The good dispersing properties of the polymer were not changed by 
spray drying. 

Example 24 

In a glass polymerization reactor 1 14.8 g maleic anhydride, 283.2 g 
distd. water, 168.5 g 50% sodium hydroxide solution, and 12.6 mg 
iron-ll-amrnonium sulfate were dissolved at 85°C. Then, < ^sage is 
started with a solution of 50.6 g hydrogen peroxide (35%), 4.0 g 
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sodium persulfate, and 35 g distd. water over a period of 4.5 hours, 
and with a solution of 146.5 g acrylic acid, 45 g water, 65.1 g so- 
dium hydroxide solution (50%), and 35.4 g vinyl acetate over a pe- 
riod of 4 hours. During dosing the temperature in the reactor rises to 
90°C. After termination of the dosage a temperature of 90°C is 
maintained for a period of 1.5 hours, followed by removal of distil- 
late, cooling and neutralization with sodium hydroxide solution. The 
polymer has a solids content of 40% and a viscosity of 480 mPas. 

Example 25: 

In a glass polymerization reactor, 300 g polymer of Example 20, 80.4 
g maleic anhydride, 168.5 g sodium hydroxide solution (50%) are 
dissolved at 85°C and 4.0 mg iron-ll-ammonium sulfate are added. A 
solution of 146.5 g acrylic acid, 45 g distd. water, 61.1 g sodium 
hydroxide solution (50%), and 35.4 g vinyl acetate is dosed within 4 
hours, and a solution of 33.7 g 35% hydrogen peroxide, 2.0 g so- 
dium persulfate, and 50 g distd. water is dosed within 4.5 hours. 
After termination of the dosage stirring is continued for one hour at 
90°C, 75 g distillate is removed, pH 10.5 is adjusted with sodium 
hydroxide solution, 19.8 g hydrogen peroxide (35%) is added, fol- 
lowed by refluxing for 1 hour and neutralization with sulfuric acid. 
The solids content of the polymer amounts to 42.1 %, the viscosity 
amounts to about 980 mPas, the calcium carbonate dispersive power 
amounts to 270 mg CaC03/g dry substance. 

Example 26 - Biodegradabilitv Test 

A. The biodegradability according to the modified STURM-Test was 
tested with the polymers according to Example 1, 2, and 15. The 
course of the degradation was as follows: 
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Test period % Biological degradation 

Example 1 Example 2 Example 1 5 



30 min. 


1 


1 




# 3 days 


5 


6 


18 


7 days 


5 


6 


24 


1 2 days 


30 


1 1 


39 


17 days 


66 


45 




18 days 






54 


21 days 


71 


46 


59 


26 days 






70 


28 days 


84 


88 


76 



B. In a further test according to the OECD 303A-standard the elimi- 
nation of the polymer in the presence of sewage sludge was exam- 
ined. The reduction of the dissolved carbon content within 28 days 
was checked. The elimination after 28 days amounted to 99% with 
the polymer according to Example 15. This result demonstrates an 
excellent eliminability of the polymers according to the present inven- 
tion in the presence of sewage sludge. 

C. Biodegradation (another degradation test according to the com- 
posting process): 

The controlled composting biodegradation test (ASTM D 5338/92) is 
an optimized simulation of an intensive aerobic composting process 
where the biodegradability of a test substance under dry aerobic 
conditions is determined. The inoculum consists of stabilized and 
mature compost derived from the organic fraction of municipal solid 
waste. The test substance is mixed with the inoculum and introduced 
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into a static reactor vessel where it is intensively composted under 
optimum oxygen, temperature and moisture conditions. 

During the aerobic biodegradation the carbon dioxide production is 
monitored. The percentage of biodegradation can be calculated as the 
percentage of solid carbon of the test compound which has been ... 
converted to gaseous, mineral C under the form of CO2. 

Sample % Biodegradation 

Example 1 66 
Example 2 68 
Example 20 89 
Cellulose 88 



Examples relating to Application Technology 



Example 27 - Manufacture of Leather 

In the following it is demonstrated that the polymers according to the 
present invention are suitable for the leather manufacture; the retan- 
nage of upper leather is used as example. The softness of the leather, 
the grain tightness and the fullness are used as assessment criteria. 
The polymer according to Example 1 was tested in comparison with a 
cornmerci.il retanning agent based on polyacrylic acid. The results are 
as follows: 



Polymer according 
Example 1 



Commercial 



Polymer 



Softness * 



3 - 4 



3 - 4 



Grain tightness * 
Fullness 



3 



2 - 3 



2.1 mm 



2.0 - 2.1 mm 



* The assessment order is 1 - 6, 1 representing the best assessment. 

Example 28 - Determination of the calcium-carbonate-dispersive-ac- 
tion 

A main property characteristic of cobuilders in detergents and clean- 
ers is the capability to prevent slightly soluble precipitations of alka- 
line-earth or heavy metal salts which, for example, cause incrusta- 
tions on clothes. To determine the calcium carbonate dispersive 
power (CCDP) [according to Richter Winkler in Tenside Surfactants 
Detergents 24, (1987) pp 213-216] the following procedure was 
chosen: 

1 g product is dissolved in 100 ml distd. water, and 1 0 ml 10% so- 
dium carbonate solution are added. A pH of 1 1 is adjusted with so- 
dium hydroxide solution, and titration is effected with 0.25 ml cal- 
cium acetate solutior until a first permanent turbidity occurs. The 
CCDP is indicated in mg CaC03/g dry substance. 



Example No. CCDP [mg CaC03/g dry substance] 



1 


273 


2 


239 


3 


248 


4 


21 6 


5 


«*n ^ « 
220 


6 


o o n 

228 


7 


244 


8 


201 


9 


238 


1 0 


277 


1 1 


275 


1 2 


1 96 


1 3 


21 2 


1 4 


236 


1 5 


234 


16 


283 


17 


330 


18 


314 


21 


320 


22 


290 


Comparative Example 1 


135 


Comparative Example 2 


129 


Commercial product 


258 



(based on maleic acid/ 



acrylic acid) 



Based on the Comparative Examples it is shown that both the poly- 
mers manufactured according to EP 0 497 61 1 A1 and known 
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copolymers have a poorer CaC03-dispersive power than the products 
according to the present invention. 

Example 29 - Determination of the resistance to hard water 

A certain amount of a 10 o/ >o!ymer solution is added to a test water 
naving 33.6°dH [= German water hardness] {pure calcium hard- 
ness), boiled on a heating plate for 5 minutes and subsequently 
judged visually with respect to clarity, opalescence and turbidity. By 
varying the amount of copolymer, the concentration of gram of prod- 
uct (dry substance) per liter of hard water is determined, i.e., the 
concentration at which after previous turbidity/opalescence a clear 
solution results for the first time. 

The results clearly demonstrate that the polymers according to the 
present invention can provide an effective inhibition of boiler scale or 
similar deposits and that precipitations of components of the hard 
water can be prevented. 



Product 



Hard water resistance 



Example 



clear at (g solids/1) 



1 



1.5 



2 



1.5 - 2.0 



3 



2.0 - 2.5 



5 



2.0 



Lavoraf S 31 2 



1.5 - 2.0 



(Commercial product of 
Chemische Fabrik Stock- 
hausen GmbH, based on 
polyacrylic acid) 



Commercial product 



2.0 



based on maleic acid/ 
acrylic acid copolymer 

Example 30 - Laundering test 

The deterging efficiency of the polymers according to the present 
invention was tested with a cotton fabric. In the washing test with 
said test fabrics the polymers were used as component in a phos- 
phate-free washing formulation. For evaluation purposes, the ash 
content of the test fabrics was determined after 10 wash cycles and 
put in relation to the ash content of test fabrics in laundering tests 
without polymer addition. The quotient of the reduced ash with 
added polymer to the ash content without added polymer is a meas- 
ure for the incrustation-inhibiting action of the polymer. A commercial 
copolymer of 70% acrylic acid and 30% maleic acid was used as 
comparison. The. washing formulation was built up as follows: 



LAS 

ethoxylated C 1 3/C1 5-a(cohol (7 mole EO) 
soap 

sodium silicane 
zeolite A 

carboxy me thy Icellulose 
sodium carbonate 
sodium sulfate 
sodium perborate 

polymer (Example 1 or commercial product) 

dry substance 

water 

Incrustation inhibition * 



Example 1 0.51 
Commercial product 0.49 

* The range of assessment amounts to: 0 - 1, 

1.0 means complete prevention of incrustation (ash deposition) 
on the fabric, 

0 means no ash reduction by addition of the polymer 

The result of the washing tests demonstrates that the polymers ac- 
cording to the present invention have a good incrustation-inhibiting 
action in the phosphate-free detergents and that their action is com- 
parable or superior to that of the commercial polymer. 



7.0% 
2.0% 

2.0% 
3.0% 

- 27.0% 

1.0% 

- 10.0% 

- 18.0% 

- 20.0% 

- 4.0% 

3.0% 
Polymer 
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Example 31 - Measurement of the hvdrophilic suspending capacity 

The anti-redeposition power of detergent builders may be character- 
ized by determining the hydrophilic suspending capacity. The capac- 
ity to suspend pulverized iron oxide is regarded as the measure for 
the soil-carrying capacity. The suspending capacity is determined by 
photometric turbidity measurement of a suspension consisting of the 
test substance, an iron oxide pigment and the surfactant MARLON A 
(alkylbenzene sulfonate by Huls AG, Marl, FRG). In a shaking cylin- 
der, the iron oxide in an aqueous solution of the test substance is 
vigorously shaken under addition of MARLON A, after 24 hours the 
intensity of the then still existing turbidity is determined photometri- 
cally. The extinction E450 at 450 nm in a cuvette of 1 cm is meas- 
ured. 

The determined extinction values represent the measure for the hy- 
drophilic suspending capacity. Products having a high suspending 
activity stabilize the pigments in the aqueous phase and have high 
extinction values. 

Product Extinction E450 



Polymer according to 40 
Example 21 

Commercial maleic acid/ 6 
acrylic acid copolymer 

The result demonstrates a very high hydrophilic suspending capacity 
for the polymers according to the present invention, whereas a com- 
mercial polymer used as cobuilder in the detergent industry exhibits 
considerably poorer results. 
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Example 32 - Measurement of the inhibition of calcium salt and mag- 
nesium salt deposits 

It is tested whether the crystal growth in a water cycle may be inhib- 
ited by the addition of copolymeric polycarboxylates, thus preventing 
deposits of carbontes. 

A test water comprising calcium and magnesium bicarbonate in dis- 
solved form (5.36 mmol Ca 2 + /I, 1.79 mmol Mg 2 , 10mmol C03 2 7l) 
is mixed with 5 ppm copolymer and lead through the heated (75°C) 
glass spiral of a Dimroth-condenser at a constant flow rate. Usually 
calcium and magnesium carbonate deposits form in the glass spiral. 
These are then removed by means of an acid and determined com- 
plexometrically. The deposits formed with and without copolymer are 
then put in relation to one other. 



Polymer Residue in %-inhibition 

condenser in mg 

Ca Mg Ca Mg 

without 57 36 - 

Example 1 9 6 84 83 

Example 15 10 8 82 78 

Example 20 7 5 88 86 

Commercial 11 9 80 75 

maleic acid/ 

acrylic acid 

copolymer 



The copolymers according to the present invention exhibit a good 
inhibition behavior with respect to calcium and magnesium carbonate 
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salts. This property shows to advantage, for example, in washing 
processes and in cooling-water-circulations. Maleic acid/acrylic acid 
copolymers show a poorer inhibition behavior. 



Example 33 - Dispersing tests 

In order to demonstrate the dispersing action of the copolymers ac- 
cording to the present invention on pigment suspensions, talcum 
(Finntalc C10 by OMYA) was stirred into aqueous copolymer solu- 
tions of pH 12 until a pigment content von 66% was achieved, the 
viscosity was measured immediately and after 7 days; the stirrability 
was graded with 1 - 6. The combination of POLYSALZ S/LUMITEN P- 
T (by BASF AG) was used as state of the art. The addition of the dis- 
persing agent amounted to 0.2%/abs. dry pigment, and in the case of 
POLYSALZ/LUMITEN concentrations usual in practice were used: 
0.15/1.0%/ abs. dry pigment. 



Dispersant Slurry viscosity Stirrability 

(mPas, Brookf., 100 rpm) 1 : very good 

immediately 7 days 6: very bad 

Example 1 440 210 3 



POLYSALZ S/ 
LUMITEN PT 



280 



340 



3 
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Example 34 - Use of the polymers of Example 22 of the present in- 
vention as bleaching stabilizers 

A. Bleaching of raw fibers 

Recipe: 1 .0 g/l Sultafon UNS neu 

0.8 g/l magnesium chloride 

5.0 g/l polymer of Example 22 

15.0 ml/I NaOH, 50% 

35.0 ml/l hydrogen peroxide, 35% 

Steeping liquid is prepared; the recipe components are added under 
stirring in the order given above. 

Prior to the addition of sodium hydroxide solution (50%) and hydro- 
gen peroxide (35%), the polymer is dissolved in water. 

Process steps in accordance with a continuous pad steam machine: 

Impregnating the goods with the bleaching liquor 
impregnating compartment, speed of goods 20 m/min. 

Expressing to 70 - 80% liquor pickup 
web squeezer 

Steaming, saturated steam 98°C, 20 min. 
closed steamer 

Washing off via 4 wash boxes 
1 st wash box: 90°C 
2nd wash box: 60°C 

1-2 ml/l Solopol POE (peroxide eliminator) 
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3rd wash box: 40°C 
4th wash box: cold 

Drying 

Performance in laboratory test: 

Impregnating on the padder, liquor pickup 81.5% 

Pressure of padding roller: 1.8 bar 

Steaming with saturated steam at 98°C, 20 min. 

Hot and cold washing off, 10 min. each 

Drying 

Degree of whiteness achieved: 81 .5% 

measured with Elrepho-appartus, 
filter 7 

(Sultafon UNS neu and Solopol POE are commercial products of 
Stockhausen GmbH) 

B. Effect of water hardness on the stabilizing capacity of the polymer 
according to Example 22 in bleaching liquors 

Recipe: 1.0 g/l Sultafon UNS neu 

x g/l magnesium chloride to adjust the water 
hardness 

3.5 g/l polymer according to Example 22 
9.2 g/l NaOH, 50% 
35.0 ml/l hydrogen peroxide, 35% 
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Temperature of test: 80°C 

Duration of test: 180 min. 

Tester: Zeltex 

Titration preparation: 10 ml 

Titrating agent: 0.1 n potassium permanganate solution 



at 16°dH at 20°dH 

Time H2O2 amount in ml H2O2 amount in m! 

in min. present in bath Percent present in liquor Percent 



0 36.2 100.0 35.3 100.0 

30 30.8 85.1 32.9 93.3 

60 29.2 80.8 31.7 89.8 

90 28.2 77.9 29.9 84.7 

120 25.9 71.5 27.1 76.8 

150 25.0 69.0 26.1 74.0 

180 24.5 67.7 18.8 67.7 



Example 35 - Laundering tests in a phosphate and zeolite-free formu- 
lation 

The excellent detergent action of the polymers according to the pres- 
ent invention is demonstrated in further laundering tests using deter- 
gent recipes without phosphate and zeolite. A commercial copolymer 
of maleic acid/acrylic acid (30/70%-wt.) was used as comparison. A 
cotton test fabric was washed at 95°C with water of 13°dH in do- 
mestic washing machines and examined with respect to brightening 
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and incrustation after 12 wash cycles. The detergent recipe had the 
following composition: 

6% alkylbenzene sulfonate 

5% C13-fatty alcohol ethoxylate (7 mol EO) 

5% powder soap 
25% sodium carbonate 

4% sodium sulfate 
15% sodium perborate 
25% sodium bicarbonate 

5% sodium metasilicate 
10% copolymer (100%) 

Polymer % brightening % residual ash 



Example 22 86 0.4 

Commercial product 86 0.85 

without 58 1 .35 

Accordingly, the polymers according to the present invention have an 
excellent detergent action and are clearly superior to the copolymers 
based on acrylic acid/maleic acid. 



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 



Biodegradable polymers suitable for (he use in detergents and cleaning agents of 

a) polymerized, monoednlenically unsaturated dicarboxylic acids and or the salts 
thereof, 

b) polymerized, monoethylenically unsaturated monocarboxylic acids and/or salts 
thereof, 

c) polymerized, monoethylenically unsaturated monomers which, after hydrolysis 
or saponification, have one or several hydroxy I groups coval ntly bonded to the C-C- 
chain. and optionally 

d) further polymerized, radically copolymerizable monomers, 

obtainable by an at least partial neutralization of the acid monomers a), b) and 
optionally dh radical polymerization of the monomers a) to dh and hydrolysis or 
saponification of the polymerized monomer units c) to form hydroxy 1 groups 
covalently bonded to the C-C-chain of the polymer in aqueous medium, the polymers 
exhibiting a biological degradation rate of greater than 60'7 (BOD) after 28 davs. 

The biodegradable poKmers suitable tor detergents and cleaners according to claim 

I characterized m that the> are :njilt up or 

.t» l (l 'a; n:o;:i»e::r. !enk ail> unvmiratcd ( . uVar!\>\\ lie acids or the salts 



J lt a; !^o::oo'h\ !eniwali> '.;n>aniraicd <\ -mono carhow lie acids or 



c) 1 - monounsaturated monomers which, after hydrolysis or 
saponification, can be converted into monomer units having one or more hydroxyl 
groups covalently bonded to the C-C-chain, and 

d) 0 - 10%-wt. further radically copolymerizable monomers, with the sum of the 
monomers according to a) to d) amounting to 100 f 7 . 

The biodegradable polymers suitable for detergents and cleaners according to claim 
1 or 2 characterized in that they are built up of 

a) 20 - 60% -wt. monoethylenically unsaturated C^-dicarbo.yvhc acids or the salts 
thereof. 

b) 25 - 60%-wt. monoethylenically unsaturated C i lt ,-monocarboxylic acids or the 
salts thereof, 

c) 4 - 40 f 7-\vt monounsatu rated monomers which, after hydrolysis or 
saponification, can be convened to monomer units with one or more hydroxyl groups 
covalently bonded to the C-C-chain, and 

d) 0 - KVr-wu further radically copolymerizable monomers, with the sum of the 
monomers according to a) to d) amounting to 1(K)'V . 

The biodegradable polymers suitable for detergents and cleaners according to any one 
of claims 1 to 3 characterized in that t hoy are built up of 

a) 2."^ - >W -\\t monoeihylenicalK unsaturated ( \ ^ dicartvw he acids or the salts 
thereof. 

h> }0 <>0 : 7 wi monoctln lemcalk unsaturated ( \ ; monocarhoyvlic acids or the 



- Ah - 



salts thereof. 



c) 8 - 30%-wt. monounsaturated monomers which, after hydrolysis or 
saponification, can be converted to monomer units with one or more hydro xyl groups 

5 eovalently bonded to the C-C-chain, and 

d) 0 - 10%-wt. further radically copolymer! zable monomers, with the sum of the 
monomers according to a) to d) amounting to 100%. 

10 5. The biodegradable polymers suitable for detergents and cleaners according to any one 
of claims 1 - 4 characterized in that they comprise as monomer component a) maleic 
acid, itaconic acid, and fumaric acid or the salts thereof, that they comprise as 
monomer component b) acrylic or methacrylic acid or the salts thereof, and that they 
comprise as monomer component c) vinyl acetate, vinyl propionate, ethylene glycol 

I 5 monovinvl ether, and/or methyl vinyl ether. 

6. The biodegradable polymers suitable for detergents and cleaners according to any one 
of claims 1 - 5 characterized in that they are formed by radical polymerization and 
hydrolysis or saponification in aqueous medium and have a biological degradation rate 

:<) of >80 f T (BOD) after 2S days. 

7. A process tor producing biodegradable polymers suitable for the use in detergents and 
cleaners of 

25 a) s.ionoethylenically unsaturated dicarboxylic acids and or the salts thereof, 

b) monoethvlenicallv unsaturated monocarboxvlic acids and or the salts thereof. 
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c) inonoethylenically unsaturated monomers which, after hydrolysis or 
saponification, arc converted into monomer units having one or several hydroxyl 



groups covalently bonded to the C-C-chain, and 



d) optionaJly further, radically copolymerizable monomers, characterized in that 
the acid monomers a), b) and optionally d) are at least partially neutralized, the 
monomers a) to 0 are radically polymerized, and that the polymerized monomer units 
c) are hydrolyzed or saponified in aqueous medium into hydroxy I groups covalently 
bonded to the C-C-chain ot the polymer, the polymers having a biological degradation 
rate of greater than 601 (BOD) af ter 28 days. 

The process tor the production of biodegradable polymers suitable tor detergents and 
cleaners according to claim 7 characterized in that the polymerization is carried out 
in aqueous solution at 40 - 180^C. 

A process for the production of biodegradable polymers suitable for detergents and 
cleaners according to claim 8 characterized in that the polymerization is carried out 
in aqueous solution at 60 - 120 C. 

The 'process for the production of biodegradable polymers suitable for detergents and 
cleaners according to any one of claims 7 - 9 characterized in that the dicarboxylic 
acids and at least a partial amount of the hydrolvzahle or saponiflahle monomer are 
placed in the reaction vessel together and the remaining monomers are added during 
the polymerization. 

The process for the production of biodegradable polymers according to claim 10 
characterized in that the polymerization ts carried out in a closed polymerization 
reactor. 

The process tor the production of biodegradable polymers suitable for detergents and 
cleaners according to any one of claims 7-11. characterized in thai dicarboxylic acids 
are used which are obtained from dicarboxylic acid anhydrides by hydrolysis prior to 



- -IS - 



polymerization and partial neutralization. 



13. The process tor the production of biodegradable polymers suitable tor detergents and 
cleaners according to claims 7-12. characterized in that maleic acid, itaconic acid, 
5 and fumaric acid or the salts thereof are used as monomer component a), acrylic or 

methacrylic acid or the salts thereof are used as monomer component b), and vinyl 
acetate, vinyl propionate, ethylene glycol monovinyl ether, and or methyl vinyl ether 
are used as monomer component c) 

10 14. The process tor the production of biodegradable polymers suitable for detergents and 
cleaners according to claims 7 - 13 characterized in that the hydrolysis or 
saponification is carried out with alkali hydroxides in the presence of hydrogen 
peroxide or with sulfur dioxide, preferably after the polymerization. 

15 15. The use of the polymers according to any one of claims 1 - 6 as additive or eobutlder 
in detergents. 

16. The use of the polymers according to any one of claims I - 6 as additive in cleaning 
asents. 
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17. The use of the polymers according to any one of claims 1 - 6 in the pretreatment of 
cotton, m particular in boiling off, kicr scouring and bleaching. 

IS The use of the poKmers according to any one of claims 1 - 0 as stabilizers in peroxide 
bleaching. 

1 l ). The use 1 of the polymers according to any one of claims 1 - 6 as additive or w ashing 
auxiliary in dyeing processes. 
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The use of the polxmers according to an\ one ot claims 1 (-> as auxiliarv agent in 



textile printing. 



21. The use of the polymers according to any one of claims 1 - 6 as additive in textile 
fibre sizes. 

5 

22. The use of the polymers according to any one of claims 1 - 6 as auxiliary agent in the 
manufacture of leather. 

23. The use of the polymers according to claims 1 - 6 as auxiliary agent in the leather 
10 manufacture in soaking, liming, in particular in washing processes after liming, and 

in particular in the deliming and ('O.-deliming. 

24. The use of the polymers according to any one ot claims 1 - 6 as additive in 
pret aiming, tanning and retanning. 

5 

25. The use of the polymers according to any one of .laims 1 - 6 for the inhibition of 
water hardness and as anti-deposition agent. 

20. The use of the polymers according to any one ot claims 1 - b as dispersing agent. 

0 

27. Biodegradable polymers according to claim I substantial!} as hereinbefore described 
with reference to any one of the Examples 

2S. A process according to claim 7 substantially as hereinbefore described with reference 
5 to any owe of the I:\amples. 

n,\ i i:n this i:\t.n m day of fhbkiwky 

( hemische Fabrik Stockluuisen (■nihil 

tu n.\vn-:s coi uson cay v. 
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